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Algae Resource Recovery Unit (ARRU) 
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Information to be reported in your progress report is as follows (attach additional 
information as needed):   
&
1. 0122$(3&)4&/()*+,-&

$,,)2/%"562+#-5&4)(&-6+&/+(")7&
*15-&,)2/%+-+7&$#7&/%$#5&4)(&-6+&
,)2"#8& (+/)(-"#8&/+(")79&& 
 

Task 1 – Continue operations and 
data acquisition from of the ARRU 
for a full growing season (i.e., 
through September/October 2018): 
:6+&;..<& =$5&)/+($-+7&,)#-"#1)15%3&
"#-)&0+/-+2>+(&?@ABC&&D/+($-")#5&
+#7+7&EFGFAB&$5&#"86-&-"2+&
-+2/+($-1(+5&=+(+&>+,)2"#8&,))%H&-6+&
%$8))#&=$-+(&(+I1"(+7&4)(&)#+&)4&)1(&
-(+$-2+#-5&=$5&#)&%)#8+(&$J$"%$>%+&
K-6+&<L&7$"(3&6$7&,)#71,-+7&-6+"(&
$##1$%&%$8))#&7($"#"#8&-)&"(("8$-+&
%),$%&4"+%75MH&$#7&52)N+&4()2&
="%74"(+5&"#&-6+&(+8")#&2$7+&"-&1#5$4+&
-)&=)(N&)1-7))(5&K$"(&I1$%"-3&"#7+O&)4&
?P@H&?@&/)"#-5&>+%)=&Q6$R$(7)15SMC&
;4-+(&-6"5&-"2+&=+&,)#-"#1+7&-)&4),15&
)1(&+44)(-5&)#&5$2/%+&$#$%35"5&$#7&
7$-$&"#-+(/(+-$-")#C&&;5&#)-+7&"#&)1(&
T+,+2>+(&?@AB&(+/)(-H&=+&A5-&
,)2/%+-+7&)1(&$%8$%&>")2$55&
/()71,-"J"-3&2+$51(+5&K!"81(+&AM&$#7&
)1(&#1-("+#-&1/-$N+&2+$51(+2+#-5&
K!"81(+&?M&K6+(+&=+&/(+5+#-&(+51%-5&)4&
/6)5/6)(15&1/-$N+H&6)=+J+(&#"-()8+#&
1/-$N+&($-+5&"%%15-($-+&5"2"%$(&/$--+(#5MC&&&

!"81(+&AC&;%8$%&>")2$55&/()71,+7&"#&-6+&;..<&
$,()55&$%%&-6(++&-(+$-2+#-5&K;9&U$8))#&=$-+(V&W9&
;TX'Y;&+44%1+#-&2"O-1(+&KA@9E@MV&Z9&A@@[&'Y;&
+44%1+#-M&2+$51(+7&$5&$56&4(++&7(3&=+"86-&K;!T\M&
$#7&2$O"212&7$"%3&-+2/+($-1(+C&
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0"#,+&T+,+2>+(&?@AB&=+&6$J+&
4),15+7&)1(&$#$%3-",$%&=)(N&)#&
2+$51("#8&-6+&>")2$55&I1$%"-3&)4&-6+&
,1%-"J$-+7&$%8$%&>")2$55C&&:)&7)&-6"5&
=+&7"(+,-%3&2+$51(+7&-6+&/()-+"#&
,)#-+#-H&,$(>)637($-+&,)#-+#-H&$#7&
$56&,)#-+#-&)4&-6+&$%8$%&>")2$55C&&
'()*+,-&(+5)1(,+5&7"7&#)-&$%%)=&4)(&
7"(+,-&2+$51(+5&)4&%"/"7&,)#-+#-&)4&
-6+&$%8$%&>")2$55&-6+(+4)(+&=+&6$J+&
+5-"2$-+7&$J+($8+&%"/"7&,)#-+#-&>3&$&
7"44+(+#,+&2+-6)7&$4-+(&$,,)1#-"#8&
4)(&-6+&)-6+(&2$*)(&2$,()2)%+,1%$(&
>")2$55&,)2/)#+#-5C &&\+&$(+&
+O/%)("#8&)//)(-1#"-"+5&-)&8$-6+(&
7"(+,-&2+$51(+5&)4&%"/"7&,)#-+#-&)4&
-6+&$%8$%&>")2$55&4)(&N+3&-"2+&/)"#-5&
(+/(+5+#-$-"J+&)4&-6+&-(+#75&)4&
/()71,-"J"-3&$,()55&+44%1+#-&-3/+5&
$#7&(+-+#-")#&-"2+5C&&;%-6)186H&-6+&
5/+,"4",&%"/"7&,)#-+#-&2+$51(+5&=+(+&
>+3)#7&-6+&5,)/+&)4&51//)(-&)4&-6"5&
/()*+,-&=+&$(+&=)(N"#8&-)&>1"%7&-6+5+&
7$-$&"#-)&)1(&41-1(+&$#$%35+5&$#7&
+5-"2$-+5&)4&>")2$55&I1$%"-3C&
.+51%-5&4()2&-6+&>")2$55&I1$%"-3&
$#$%35+5&$(+&/(+5+#-+7&$5&
/()71,-" J"-3&+5-"2$-+5&4)(&-6+&
,$(>)637($-+&$#7&/()-+"#&>")2$55&
I1$%"-3&2+-(",5&K!"81(+5&] &$#7&GMC&&
&
\+&1-"%"R+7&)1(&>")2$55&/()71,-"J"-3&
)>5+(J$-")#5&$#7&#1-("+#-&,$/-1(+&
2+$51(+2+#-5&K'&$5&5)%1>%+&(+$,-"J+&
/6)5/6)()15M&-)&,$%,1%$-+&"#"-"$%&
+5-"2$-+5&)4&-6+&̂()55 &+,)#)2",&J$%1+&
)4&-6+&;..<&535-+2&K:$>%+&AH&5++&
/$8+&BMC&&:6+&>")2$55&/()71,-")#&$#7&,$--%+&4++7&J$%1+&+5-"2$-+5&=+(+&8+#+($-+7&
,)#5"7+("#8&-6+&7"44+(+#-&535-+2&(+-+#-")#&-"2+5&=+&-+5-+7&4)(&+$,6&+44%1+#-&-3/+C&&:6+&
#1-("+#-&,$/-1(+&$#7&\$-+(&_1$%"-3&:($7"#8&,(+7"-5&K\_:M&=+(+&+5-"2$-+7&15"#8&2+$#&
5)%1>%+&(+$,-"J+&/6)5/6)()15&(+-+#-")#&($-+5&4)(&+$,6&=$5-+=$-+(&-3/+&K$5&71+&-)&)1(&
535-+2&$#7&5$2/%"#8&7+5"8#&=+&=+(+&#)-&$>%+&-)&,$%,1%$-+&'F(+-+#-")#&>3&(+-+#-")#&
-"2+MC&&Z%+$(%3H&-6+&J$%1+&)4&-6+&;..<&"5&%$(8+%3&7("J+#&>3&-6+&#1-("+#-&-($7"#8&
,$%,1%$-")#5&K+5-"2$-+7&$##1$%"R+7&J$%1+&($#8+5&4()2&`aAPH?G?&-)&`AH@aAH@@MH&6)=+J+(&
-6+(+&"5&$%5)&J$%1+&"#&-6+&$%8$%&>")2$55&"4&2$(N+-+7&$5&$#&)(8$#",&4++7&51//%+2+#-&
K$%-6)186&/$%$-$>"%"-3&$#7&7"8+5-">"%"-3&-+5-5&=)1%7&>+&#+,+55$(3&-)&,)#4"(2&-6+5+&J$%1+&

A 

B 

C 

!"81(+&?C&b1-("+#-&1/-$N+&K"C+C&:)-$%&'6)5/6)(15&(+2)J$%M&
>3&-6+&;..<&$,()55&$%%&-6(++&-(+$-2+#-5&K;9&U$8))#&
=$-+(V&W9&;TX'Y;&+44%1+#-&2"O-1(+&KA@9E@MV&Z9&A@@[&'Y;&
+44%1+#-M&41(&-6+&41%%&71($-")#&)4&)/+($-")#C&& 
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+5-"2$-+5MC&&;5&#)-+7&>3&-6+5+&,$%,1%$-")#5H&-6+&
5)1(,+&)4&-6+&=$5-+=$-+(&$44+,-5&>)-6&$%8$+&
/()71,-"J"-3&($-+5&$#7&#1-("+#-&-($7"#8&J$%1+&$5&$&
41#,-")#&)4&-6+&=$5-+=$-+(&I1$%"-3&4()2&$#&$%8$%&
,1%-"J$-")#&/+(5/+,-"J+H&(+-+#-")#&-"2+&+2/%)3+7H&
$#7&=$5-+=$-+(&#1-("+#-&,)#-+#-H&(+5/+,-"J+%3C&
&
;#&$77"-")#$%&)1-,)2+&)4&-6"5&=)(N&-6$-&"5&
"2/)(-$#-&-)&-6+&T$"(3&"#715-(3&"#&L7$6)&"5&-6$-&>)-6&
-6+&;..<&>")2$55&/()71,-"J" -3&$#7&#1-("+#-&
,$/-1(+&=$5&(+2$(N$>%3&5-$>%+&)J+(&-6+&71($-")#&
)4&-6+&)/+($-")#C&&;%-6)186&+$,6&$5/+,-&)4&-6+&
535-+2&J$("+7&-6()186&-"2+H&$4-+(&$#&"#"-"$%&/+(")7&
)4&+5-$>%"562+#-H&>")2$55&/()71,-"J"-3&$#7&
#1-("+#-&(+2)J$%&($-+5&=+(+&(+2$(N$>%3&5-$>%+C&&
:6 +5+&)>5+(J$-")#5&5188+5-&-6$-&$&,)22+(,"$%&
5,$%+&;..<&2$3&>+&4+$5">%+&>)-6&)/+($-")#$%%3&
$#7&+,)#)2",$%%3C&
&
Final Project Findings: 0"#,+&-6+&51>2"55")#&)4&
)1(&$##1$%&(+/)(-&=+&6$J+ ,)2/%+-+7&-6+&2$*)("-3&
)4&-6+&>")2$55&I1$%"-3&2+$51(+5C&&!1(-6+(H&-6+&41%%&
5,)/+&)4&)("8"#$%%3&/()/)5+7&$,-"J"-"+5&6$J+&>++#&
,)2/%+-+7&"#,%17"#8&2+$51(+5&)4&/()71,-"J"-3&$#7&
>")2$55&I1$%"-3&K"C+C&/()-+"#H&,$(>)637($-+H&$#7&
$56&,)#-+#-MH&$#7&"#"-"$%&+5-"2$-+5&)4&-6+&J$%1+&
/()/)5"-")#&4)(&-6+&/()71,+7&$%8$%&>")2$55&$#7&
#1-("+#-&,$/-1(+&+O6">"-+7&>3&-6+&;..<C&&Y)=+J+(H&
$5&#)-+7&"#&)1(&$##1$%&/()*+,-&(+/)(-H&2)(+&=)(N&
(+2$"#5&-)&>+&7)#+&-)&,)2/$(+& -6+5+&2+$51(+5&-)&
+#J"()#2+#-$%&$#7&)/+($-")#$%&4$,-)(5&2)#"-)(+7&
71("#8&-6+&)/+($-")#$%&/+(")7H&"#,%17"#8&6"86+(&
(+5)%1-")#&2+$51(+5&)4&-6+&(+%$-")#56"/5&>+-=++#&
-6+5+&/$($2+-+(5&$#7&>")2$55&I1$%"-3H&-6+"(&,)#5+I1+#-&+44+,-5&)#&/()*+,-+7&
/()71,-"J"-3&($-+5H&$#7&#1-("+#-&,$/-1(+C&&^)"#8&4)(=$(7H&=+&="%%&15+&-6+5+&%$--+(&$#$%35+5&
$5&$&2+$#5&>3&=6",6&-)&>+--+(&1#7+(5-$#7&-6+&%"2"-5&)#&$%8$%&/()71,-"J"-3 H&#1-("+#-&
,$/-1(+ H&$#7&>")2$55&I1$%"-3&"#&-6+5+&-3/+5&)4&535-+25C&&:6+5+&$#$%35+5&="%%&$%5)&>+&
15+7&-)&2$N+&2)(+&,)2/%+-+&/()*+,-")#5 &)4&-6+&+,)#)2",&/)-+#-"$%&)4&-6+&-+,6#)%)83&
=6+#&)/+($-+7&$5&$&5-$#7F$%)#+&535-+2&)(&"#&,)#,+(-&="-6&$&'Y;X;T&-(+$-2+#-&535-+2&
K"C+C&"#,%17"#8&5,$%$>%+&+5-"2$-+5&)4&,$/"-)%&$#7&)/+($-")#$%&,)5-5&4)(&$%%&,)2/)#+#-5&)4&
-6+&"#-+8($-+7&535-+2MC&&01,6 &/()*+,-")#5&="%%&-6+#&>+&15+7&-)&>+--+(&(+4"#+&+5-"2$-+5&)4&
-6+&+,)#)2",&/)-+#-"$%&)4&)1(&"#-+8($-+7&535-+2&$#7&51>5+I1+#-%3&>+&15+7&-)&/(+5+#-&
-6+&J$%1+&)4&-6+&-+,6#)%)83&-)&/)-+#-"$%&,)22+(,"$%&/$(-#+(5C&\+&="%%&/(+5+#-&-6+5+&
4"#7"#85&-)&)1(&L#715-("$%&;7J"5)(3&^()1/&-6$-&"5&>+"#8&%$1#,6+7&$5&/$(-&)4&$&#+=&<0T;&

Figure	3.	Algal	biomass	carbohydrate	
content	expressed	as	a	rate	of	carbohydrate	
productivity	(g/m2/day)	for	each	ARRU	
treatment	(A:	Lagoon	water;	B:	AD/PHA	
effluent	mixture	(10:90);	C:	100%	PHA	
effluent).	3D,	4D,	5D,	6D	=	retention	times	
expressed	as	3,	4,	5,	and	6	days	of	mean	
retention	time,	respectively. 
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$=$(7&)1(&-+$2&=$5&(+,+#-%3&8($#-+7&
K7+5,(">+7&>+%)=MC	&
&
?C&0122$(3& )4& >178+-& +O/+#7"-1(+5& 4)(& -6+&

/+(")7&*15-&,)2/%+-+7&K"#,%17+&/()*+,-&>1(#&
($-+M9&&

&
` ]GHAEP&)4& -6+& $=$(7+7& `]GHAEP&=$5&>++#&
+O/+#7+7& $5& )4&cF]@FAPC& & :6"5& (+/(+5+#-5&
A@@[& )4& -6+& /()*+,-& >178+-C& &Bc[& )4& -6+&
/()*+,-&>178+-&=$5&+O/+#7+7&>+-=++#&BFAFAB&
$#7& EF]@FABH& -6+& (+2$"#"#8& ?G[& =$5&
+O/+#7+7&>+-=++#&A@FAFAB&$#7&cF]@FAPC&&:6+&
5+,)#7& 6$%4& )4& -6+& /()*+,-& +O/+("+#,+7& $&
5%)=+(& >1(#& ($-+& 71+& -)& -6+& 4$,-& -6$-&-6+&
2$*)("-3&)4&-6+&+O/+("2+#-$%&=)(N&$55),"$-+7&
="-6& -6"5&/()*+,- &),,1( (+7&"#& -6+& 4"(5-& 4+=&
2)#-65&)4&-6+&/()*+,-C&:6+&(+2$"#"#8&>178+-&
51//)(- +7&7$-$& ,)%%+,-")#& $#7& 7$-$& $#$%35"5&
$#7& -615& (+I1"(+7& $& 5%)=+(& ($-+& )4&
+O/+#7"-1(+C &
&&&&&&&&&&&&&&&&& 
]C&b12>+(5&)4&4$,1%-3&$#7&5-17+#-&

/$(-","/$-")#&(+51%-"#8&4()2&-6+&41#7"#8H&
"#,%17"#8&"#-+(#56"/59&&&
&

?&-+#1(+7&4$,1%-39&&
T(C&d+J"#&!+("5&KW)"5+&0-$-+&<#"J+(5"-3M&
$#7& T(C& e("N&.C&Z)$-5& K<#"J+(5"-3& )4&
L7$6)M&

A&'6T&5-17+#-&
b",6)%$5&^16)&K<#"J+(5"-3&)4&L7$6)M&

a&<#7+(8($71$-+&(+5+$(,6&$55"5-$#-5&
^$(3&T1##&KW)"5+&0-$-+&<#"J+(5"-3M&
d$-"+&f$("+5&K<#"J+(5"-3&)4&L7$6)M&
;%+O&Z()R+5&K<#"J+(5"-3&)4&L7$6)M&
Z)73&W$((",N&K<#"J+(5"-3&)4&L7$6)M&
;#7(+=&W%$#,6$(7&K<#"J+(5"-3&)4&L7$6)M&
d3%+&;%%+#&K<#"J+(5"-3&)4&L7$6)M&

A&.+5+$(,6&0,"+#-"5-&&
Z"#7"&W("#N2$#&K<#"J+(5"-3&)4&L7$6)M&

&&&&&&
GC&U"5-&/$-+#-5H&,)/3("86-5H&/%$#-&J$("+-3&/()-+,-")#&,+(-"4",$-+5&(+,+"J+7&)(&/+#7"#89&&&

&
b)&"#J+#-")#&7"5,%)51(+5H&/$-+#-5H&,)/3("86-5H&+-,C&6$J+&>++#&4"%+7&$5&)4&3+-&4)(&-6"5&
/()*+,-C&&Y)=+J+(H&)1(&)#F8)"#8&$#$%35+5&2$3&3"+%7&)//)(-1#"-"+5&4)(&51,6&4"%"#85H&=+&$(+&

Figure	4.	Algal	biomass	protein	content	expressed	
as	a	productivity	rate	(g/m2/day)	for	each	ARRU	
treatment	(A:	Lagoon	water;	B:	AD/PHA	effluent	
mixture	(10:90);	C:	100%	PHA	effluent).	3D,	4D,	5D,	
6D	=	retention	times	expressed	as	3,	4,	5,	and	6	
days	of	mean	retention	time,	respectively. 
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#)-&,1((+#-%3&(+$73&-)&/1(51+&51,6&$,-"J"-"+5C&
&
aC&U"5-&-+,6#)%)83&%",+#5+5&5"8#+7&$#7&5-$(-F1/&>15"#+55+5&,(+$-+79&&&

&
b)&-+,6#)%)83&%",+#5+5&)(&5-$(-F1/&>15"#+55+5&6$J+&>++#&4"%+7&)(&,(+$-+7&$5&)4&3+-&4)(&
-6"5&/()*+,-C&&Y)=+J+(H&=+&$(+&$,-"J+%3&7"5,155"#8&6)=&-)&/1(51+&,)22+(,"$%"R$-")#&)4&
-6+&-+,6#)%)83&)/-"2"R+7&"#&-6"5&/()*+,-C&&:6+&+O/+("2+#-$%&4"#7"#85&$#7&535-+2&
)/+($-")#&+O/+("+#,+&4()2&-6"5&/()*+,-&=+(+&%+J+($8+7&-)&6+%/&)1(&"#J+5-"8$-"J+&-+$2&
$,I1"(+&$77"-")#$%&#+=&51//)(-&4()2&-6+&<#"-+7&0-$-+5&T+/$(-2+#-&)4&;8(",1%-1(+&$#7&$#&
#+=&!gAE&0WDe&Ye.Z&L^ef&$=$(7C&Z)2/)#+#-5&)4&-6+5+&5)1(,+5&)4&51//)(-&="%%&
$%%)=&15&-)&,)#-"#1+&-)&(+4"#+&$#7&$7J$#,+&7"44+(+#-&$5/+,-5&)4&)1(&"#-+8($-+7&535-+2&
=6"%+&=+&$%5)&+O/%)(+&$J+#1+5&4)(&,)22+(,"$%"R$-")#&)4&-6+&-+,6#)%)83&$7J$#,+7&6+(+C&&&
&
0-$-15&)4&/("J$-+X"#715-(3&/$(-#+(56"/5&K"#,%17+&+#)186&"#4)(2$-")#&-)&*178+&%+J+%&)4&
+#8$8+2+#-M9&&
&
;5&#)-+7&"#&)1(&$##1$%&(+/)(-H&$5&/$(-&)4&-6"5&/()*+,-&=+&$(+&7+J+%)/"#8&$#&L#715-("$%&
; 7J"5)(3&̂ ()1/&KL;^M&$5&$&2+$#5&>3&=6",6&-)&/(+5+#-&)1(&4"#7"#85H&8$-6+(&4++7>$,N&)#&
-6+&J"$>"%"-3&)4&-6+&"7+$5&"#&(+$%&=)(%7&$//%",$-")#5H&$#7&5++N&"#/1-&)#&)1(&/%$#5&4)(&41-1(+&
,)22+(,"$%"R$-")#C&&D1(&)J+($%%&8)$%&"5&-)&%+J+($8+&-6+&+O/+(-"5+&)4&-6+5+&"#715-(3&
/()4+55")#$%5&-)&6+%/&(+$%"R+&-+,6#)%)83&,)22+(,"$%"R$-")#C&&\+& 6$J+&$55+2>%+7&$#&
L;^&$55),"$-+7&="-6&)1( &#+=&<0T;&$=$(7 C&&:6"5&L;^&,)#5"5-5&)4&2+2>+(5&)4&-6+&L7$6)&
T$"(32+#h5&;55),"$-")#&$#7&-6+&\$56"#8-)#&T$"(3&'()71,-5&Z)22"55")#C&&\+&="%%&
%+J+($8+&-6"5&8()1/&4)(&7"5,155")#5&)4&-6+&=)(N&/+(4)(2+7&$55),"$-+7&="-6&-6"5&/()*+,-&$5&
=+%%C 

&
cC&;#3&)-6+(&/+(-"#+#-&"#4)(2$-")#&-6$-&="%%&"#7",$-+&-)&-6+&,)1#,"%&-6$-&-6+&/()*+,-&"5&

2++-"#8&5$-"54$,-)(3&/()8(+55C&&&
&
History and on-going success of the collaboration between Drs. Feris and Coats:&
T(C&!+("5&$#7&T(C&Z)$-5&6$J+&>++#&,)%%$>)($-"#8&4)(&$//()O"2$-+%3&A@&3+$(5&)#&
=$5-+=$-+(&-)&>")/)=+(F>")/%$5-",5F$%8$+&535-+25C&&\+&6$J+&(+,+"J+7&41#7"#8&-6()186&
-6+&<0&T+/$(-2+#-&)4&;8(",1%-1(+&K<0T;MH&L7$6)&b$-")#$%&U$>)($-)(3&KLbUM&$#7&-6+&
Z+#-+(&4)(&;7J$#,+7&e#+(83&0-17"+5&KZ;e0MH&$#7&-6+&e#J"()#2+#-$%&'()-+,-")#&;8+#,3&
Ke';M&"#&51//)(-&)4&-6"5&=)(NC&&&
&
:6+&;..<&/"%)- F5,$%+&535-+2&=+&,)#5-(1,-+7&$5&/$(-&)4&)1(&/(")(&0WDe&$=$(7&$#7&
,)#-"#1+7&)/+($-")#&$#7&)/-"2"R$-")#&)4&$5&/$(-&)4&-6"5&/()*+,-&=$5&(+,+#-%3&15+7&$5&-6+&
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